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ABSTRACT

This report presents measured, observed and calculated data
associated with atomic weapon effects upon the structure of Model
AD aircraft in the vicinity of an atomic explosion. Data covering
weapons effects and airplane structural response to these effects are
presented for aircraft in level flight attitude, tail toward the blast
in a vertical plane containing the burst point. This orientation
represents an escape position of an AD type aircraft following de-
livery of an atomic weapon.

During Operation UPSHOT-KNOTHOLE, this project participated in a
total of five shots. One or the other of two Navy iModel AD aircraft
converted to drone configuration was flown in Shots 1, 2, 7, &, and 9.
The slant ranges at burst time involved in these shots varied from
14,400 ft for the AD-2 piloted flight of Shot 1 to 6200 ft for the
AD-2 pilotless flight of Shot 7. In Shot 7, the actual yleld exceeded
the planned yield by greater than 30 per cent. The drone aircraft was
positioned for near critical weapon effects and the higher thermal
radiation severely weakened all the blue painted skin on the underside
of the wing. Both the port and starboard outboard wing panels were
torn off at the time of shock arrival as a result of the weakened
skin and combined overpressure and gust effects. A considerable
amount of valuable information on thermal damage to alrcraft in flight
was obtained from these panels which were recovered after the test.
Neither panel incurred any significant additional damage due to the
free fall and subsequent ground impact. Visual analysis of the
structural failures indicated that the aircraft might have survived
had the bottom skin of the wing been bare aluminum or painted heat
resistant white instead of standard blue.

In addition to the above flight tests, aluminum alloy panels of
various thicknesses and paint finishes were exposed at three different
stations on the ground during Shot 9 to obtain supplemental informa-
tion on the effects of thermal radiation. Effective thermal absorp-
tivity coefficients obtained ranged in value from 0.12 to 0.16. The
results of these tests are reported in Appendix B.

Measured overpressures were in agreement with the theoretical
values. Measured thermal radiation was seen to be appreciably
greater than predicted as a direct result of ground reflectivity.
Thermal calculations using ‘B = 0.55, (albedo) provided good
correlation with test measurements. Peak aircraft accelerations as




measured were approximately double the calculated values; however,
the measured wing and tail loads weére in close agreemert with the
loads calculated using rigid body relationships. Aircraft elasticity
effects, even on this comparatively rigid airplane, were readily seen.
No direct correlation between measured and caleculated aircraft skin
temperature rise has been established, although the effects of heat
received, skin thickness, and surface finish, are indicated. The
arbitrary assumption of turbulent or laminar airflow, and corres-
ponding cooling rates, resulted in agreement with the rates as
measured during time histories of skin temperature rise. Results

of metallurgical studies on aircraft skin specimens, begun in an
attempt to determine skin temperature rise in Shot 7, indicated
effects normally associated with temperatures far in excess of those
recorded. This is believed to be due to microscopic thermal concen-
trations in the grain structure of the material brought about by the
instantaneous application of the thermal pulse. The effects are so
localized that no serious structural consequences, exceeding those
indicated by the thermal data presented in this report, are expected.
Appendix A presents these metallurgical results. Appendix B presents
data on ground panels which may prove useful in further analysis of
the temperature problem.

The use of the data presented in this report for the purpose of
improving analytical methods for predicting the effect of atamic
weapons on Naval aircraft is recommended. Recommendations for future
tests include thermal radiation measurements in flight to further
evaluate ground refleetivity and measurement of time histories of
aircraft skin temperature rise in flight, followed by metallographic
study of the structure.




FOREWORD

This report is one of the reports presenting the results
of the 78 projects participating in the Military Effects Tests
Program of Operation UPSHOT-KNOTHOLE, which included 11 test
detonations. For readers interested in other pertinent test
information, reference is made to WT-782, Summary Report of
the Technical Director, Military Effects Program. This sum-
mary report includes the following information of possible
general interest.

’

a. An over-all description of each detonation, in-
cluding yield, height of burst, ground zero loca-
tion, time of detonation, umbient atmospheric con-
ditions at detonation, etc., for the 11 shots.

b. Compilation and correlation of all project results
on the basic measurements of blast and shock, ther-
mal radiation, and nuclear radiation.

c. Compilation and correlation of the various project
results on weapons effects.

d. A summary of each project, including objectives
and results,

e. A complete listing of all reports covering the
Hilitary Effects Test Program.
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVE

1.1.1  Purpose of Project

Project 5.1 was established for the specific purpose of
obtaining flight test data and information which can be used in
defining those regions in space which are unsafe for Model AD
type naval aircraft following the delivery of an atomic dir burst
weapon. Much of the flight test information gathered, however,
was to be generally applicable to the study of weapon effects on
aircraft in the vicinity of an atomic weapon explosion.

1.1.2 Need for Project

To date, most of the information available for defining
unsafe regions has been either static ground test data or of a
theoretical nature, based to some extent on limited flight data
obtained at comparatively low levels of weapons effects. To
reach optimum effectiveness in atomic weapon delivery it is
essential that the raps in these data be filled.

Specifically it is anticipated that the data obtained by
this project will be used as follows:

a. To experimentally verify or redefine the structurally
safe regions for a Model AD airplane flying in the viecinity of an
atonic explosion.

b. To improve methods for analytically determining the
effects of atomic weapons on naval aircraft structures.

1.1.3 Report Objective

The objective of this report is to present the measured,
observed, and calculated data associated with atomic weapon
effects upon the structure of Model AD aircraft in flight in the
vicirity of an atomic explosion. Five separate sets of data,
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corresponding to Shots 1, 2, 7, 8, and G, Operation UPSHOT-KNOTHOLE
are presented. Direct correlation between certain items of data is
presented as observed; however, no attempt has been made to include
in this report all the theoretical studies necessary to correlate
the data presented.

1.2  EXPERIMENT DESIGN

1.2.1 Background

Reference (1) presents procedures for determining the regions
in space which are unsafe for naval aircraft following the explosion
of an air burst atomic weapon. In order to investigate these regions
and their specific application to AD aircraft, two standard blue AD
type aircraft, a Model AD-2, Bureau Numbar 122363, and a Model
XBT2D-1, Bureau Number 09103, were converted to drone aircraft and
instrumented for the measurement of atomic weapon effects. (See
Fig. 1.1.)

l1.2.2 Instrumentation

The specific items measured were as follows:

a. Burst time; by modified photoelectric cell (blue box).

b. Thermal radiation: by the Naval Radiological Defense
Laboratory calorimeters and by thsrmal cloths, both mounted on
underside of wing; 0 to 30 cal/em<.

¢. Aircraft skin maximum temperatures; by temperature
sensitive papers on reverse side of panels with various surface
finishes;+129 to +579°F. See Fig. 1.2, locations 1-16.

d. Aircraft skin and spar temperatures; BN and PN resistance
temperature gages; ~100 to +400°F and -100 to +250°F, respectively.
See Fig. 1.2, locations 17 and 18,

e. Free stream overpressure; by the National Advisory
Committee for Aeronautics' pressure pickup on wing tip boom; O to 4
psi range, 1000 cps maximum frequency on starboard, 80 cps on port
side,

f. Aircraft normal accelerations at center of gravity and
tail by Statham accelerometers; C to 10g, 70 cps (also 10 cps
Giannini accelerometer at center of gravity through AN/UKR-5
telemeter).

g. Wwing bending; by SR-4 strain gage bridges at one inboard
station on starboard side and several stations on port side; to limit
load, 80 cps.

h. Wing shear at one inboard station on port side.

i. Wing torsion at one inboard station on the port side.

j. Horizontal stabilizer bending at-one inboard station on
port and/or starboard side.

k. Horizontal stabilizer shear at one inboard station on
port and/or starboard side.

1. Aircraft altitude; by modified SCR-58L radar,

18




Electronics Associates plot board and telemetering of Giannini
pressure pickups.

m. Aircraft horizontal range relative to burst; by
radar plot.

n. Aircraft velocity by radar and by telemetering of
Giannini pressure pickup.

o. Aircraft pitch and roll attitude by telemetering of
Giannini pitch and roll gyro.

p. Gamma radiation; by Signal Corps Engineering
Laboratories photographic films; 0-50 Roentgens., See Fig. 1.2,
locations A-G.

Fig. 1.1 Model AD Type Drone Aircraft (AD-2)
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The information provided by the above instrumentation is
both general with respect to atomic weapons radiation and blast
characteristics and specific with respact to aircraft structural
response to these inputs. The complete load measuring installation
1s described in refs (2) and (3). The modified SCR-58L radar used
is described in ref (4). Refzsrence (5) describes the airborne
instrumentation and gives sensitivities For all records.

1.2.3 Analytical Methods

Aircraft test positions were established following the
general procedures described in ref (6).

1.2.3.1 Aircraft Attitude and Orientation

The aircraft was to be in level flight attitude, tail
toward the blast in a vertical plane containing the burst point,

simulating an escape position of an AD type aircraft following
delivery of an atomic weapon. This was accomplished in all tests.

1.2.3.2 Thermal Effects

Thermal effects ware considered applicable at to. The
expression for temperature rise in the aircraft skin exposed to
radiation from the burst was assumed to be:

_HeQ SINS
AT= 58331 (1.1)

In positioning the aircralt for critical themal effects an
equivalent absorbtivity,}ie, of 0.3 was taken for standard blue
painted aircraft skin, considering the minimum skin gage of 0.016
in. Ground reflectivity calculations are based on the methods of
ref (9) using the relationship:

2 L,
A TV L A
R 116803 [ICAN/NYZ+2(ANMIZ L AR/ 2+ 2GARI 2 -2)

This equation is valid for the case where h2:> h, and as such is
suitable for all shots. (See Figs. 3.3 and 3.4) Multipl¥?ng IR
by the thermal yield in calories (1 KT themal yield = 1042 2
calories) gives the reflected radiation in calories psr centimeter<.
In accordance with ref (20), a themal yield =.4uw0-94 was used,
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1.2.3.3 Gamma Radiation

Gamma radiation was considered to have no structural
significance. Since the aircraft used in the manned flights were
to receive no appreciable amount, gamma radiation was not con-
sidered as a positioning criteria; however, it was calculated and
measured. The following is the method presented in ref (10) for
determining gamma radiation at a given aircraft position: Find
reduced range by multiplying RA by o . Using this reduced range
and the angular position of the aircraft with respect to the burst
(esg., 12 o'clock, aircraft directly over burst; 3 o'clock, air-
craft at burst level) fimd the reduced dosage, DArz for a 1 KT
weapon. (See Fig. 3.18.) Multiplying by the factoro2 Y gives
the expscted dosage. Since the emission of gamma radiation is
time dependent, Fig. 13, ref (8), the aircraft motion is considered
by using a method similar to that given in ref (6) to obtain total
nuclear radiation received on a moving aircraft.

1.2.3.4 QOverpressure

Time of shock arrival (Fig. 3.20) must be known in order
to establish the aircraft position at shock arrival for a given
test condition. The free-stream overpressures for the test con-
ditions were based on the data of ref (10), free air or surface
burst depending on the triple point trajectory, corrected for both
height of burst other than sea level and for aircraft test altitude.
The relationships used to correct overpressure and slant range for
burst height are:

V3

P
R.=ZR SL )
H SL( /PH (1.3)

P
AP, =AP (5'— )
H SL /PH (1.4)

For aircraft at test altitudes other than burst altitude the
relationships for overpressure and slant range are:

~R
R.=''H
A= (1.5)

% Va
_ P
AR = AP, x( A/PH> (TH/TA> w6

The slant range at a given overpressure for any yield is obtained
from the known range and yield by
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/3

R\= R2<Y'/Y2)

Overpressure at the test position can now be predicted. (See
Fig. 3.22.)

(1.7)

1.2.3.5 Gust Effects

With a given overpressure there is a corresponding
pressure ratio at each test altitude. Density ratios and gust
velocities corresponding to the pressure ratios can be predicted.
(Figs. 3.23 and 3.24.) Reference (11) is a source for these data.
The effect of gust velocity on aircraft is determined in terms of
allowable aircraft load factors. The following equation, given in
ref (6) is used to predict the incremental load factor experienced
by the airplane.

SC .
ag =——L28 __ Falo3+07 —L—| y, w sin 6
2w PA
(1.8)
where:
U, = \I(UA"W cos 9)2+ (w sin 9)2 (1.9)

Pb/% can be substituted directly for the expression
A

P P P
0.3+0.7 }4; hlamﬁdm1L8ifa.'pAvs )4%

curve is available. For the aircralt used,SC| g for the wing is
taxen as 1840. Wing and tail loads are assumed to be directly
proportional to the calculated load factor. Structural dynamic
response was not considered in the analysis. The general
expression for the calculated load is

AL = Ag [KlW+K2] (1.10)

For the wing, the acrodynamic constant K;, and inertia constant
K2, are both based on the normal spanwise load distribution identi-
cal to that for the positive high angle of attack, forward c.g.
condition presented in ref (12), assuming a linear lift curve.

The horizontal stabilizer load coefficients were obtained using

a value of

(SCLa ) Hor. STAB./( SCLa ) wWiING = 0.206
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and a normal load distribution proportional to the horizontal

stabilizer chord, based on information from ref (13).
stants are presented. in Table 1.l.

performed as a flight check of the load measuring installation
result in measured wing loads in direct agreement with loads

calculated using this table.

TABLE 1.1 - Calculated Wing and Horizontal Stabilizer Load

These con-
Steady state pullouts

Constants
Station Load Ky Ky x 1072
W.5. 57 Shear 0.436 -1.529
N.S. 57 Bending 37.90 -98,60
W.S. 107 Bending 22,08 -44.30
W.S. 162 Bending $.77 -17.88
S.S5. 21 Shear 0.0799 -0.1255
S5.5. 21 Bending 3.515 -10.24

1.2.4 Operational Procedures

Two Navy Model AD aircraft, single place, single engine
attack bombers were converted to drones using the Naval Air
fxperimert al Station Type I Remote Control Bquipment, One parti-
cipated in Shot 1, the other in Shot 9 as manned aircraft in
preparation for drone operation. Lower range data were obtained
in this marmer.

For NOLO (no live occupant) operations, the drone take-off
was under the control of a pilot at a ground station located beside
the runway. Once airborne, the drone was turned over to a pilot
flying a Navy Model F8F "mother" control plane. Upon arrival at
the test site, control was turned over to a pilot at the radar
plotting board. Using data from the radar plot and from telemeter-
ing direct reading meters, the pilot guided the drone to its
predetermined position relative to the burst at time zero.
Following the test, the "mother" aircraft again took control and
the drone was returned to the base where the pilot at the runway
station controlled the drone landing. An operational tolerance
of I 1 sec of time in positioning was allowed at time zero.
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CHAPTER 2

RESULTS AND OBSERVATIC!IS

2.1 R&SULTS

Records of thermal and blast effects were obtained for all
shots with the exception of Shot 7 where the drone was destroyed
at shock arrival, resulting in the loss of the blast data. Figure
3.2 presents the time histories of measured thermal radiation.
Figure 3.7 presents time histories of measured skin temperature
rise. igures 3.25 through 3.31 are reproductions of time histories
of measured blast effects. Table 2.2 presents a sumary of
primary data for all shots. Numerical data, observations and
photographs for each shot are presented in Section 2.2 below.

2.2  DATA AND OBSERVATIONS

2.2.1 Shot 1

2.2.1.1 General Data

Date of Test: 17 March 1953
Test Aircraft: Model AD-2 Drone; Manned Flight

Type of Test:  300' Tower (T-3) Ground elevation
4025 MSL

Weapon Yield: 15 KT planned; 16.2 KT Radiochemical

2.2.1.2 Test Conditions

Altitude of Test Alrcraft: 17,200' MSL;
12,900' above burst

Temperature at Test Altitude: -C.4°F
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Pressure at Test Altitude: 7.7 psi

True Airspeed: 359 fps
Slant Range from Rurst: to, 14,400'; tg, 16,800°
Time of Shock Arrival: 14.4 sec

Aircraft Gross Weight (Shock
Arrival): 13,550 1b

Aircraft Angular Position: tos 63°; tg, 50°30' from
horizontal; (©)

2.2.1.3 Effects Data - Shot 1

(1) From Weapon

Thermal Radiation (cal/cm?)

Port Wing Calorimeter: 2.7: (2.9, filter
correction, 8%)
Normal to Horizontal Plane: 3.2

Gamma Radiation (r)

Less than 0.l inside the aircraft

Thermal In Cockpit (cal[gm2l

Less than 1.0, from temp. cloth and paper

Free-stream Overpressure (psi)

Starboard wing pressure pickup: 0.3
(2) On Test Aircraft

Incremental Normal Acceleration (g's)

Center of Gravity Accelerometer: 2.1
Tail Accelerometer: 2.0
Center of Gravity, Calculated: 0.97

Aircraft Attitude Change (deg)

Pitch Gyro: 2.3 Nose Down
Roll Gyro: 1.4 Right Wing Up

————




Incremental Structural Loads Above lg Level Flight - Shot 1

Measured % of Design

Load Limit Load

Starboard Wing Bending (Sta. 57) 512 x 107 10.6
in. 1lb.

Port Wing Bending (Sta. 57) 525 x 103 10.9
in. lb.

Port Wing Bending (Sta. 107) 308 x 103 12.7
in. 1b.

Port Wing Bending (sta. 162) 112 x 103 9.3
in. 1b.

Port Wing Shear (sta. 57) L4.63 x 10° 11.6
1b.

Port Wing Torsion (Sta. 57) -6.5 x 10° 0.7
in. lb.

Port Stabilizer Bending (Sta. 21)44.3 x 10° 16.7
in. 1b.

Port Stabilizer Shear (Sta. 21) 1.22 x 10° 1b. 15.2

Temperature Rise in Aircraft Skin, °F
(Temperature Gages)

Color Skin Thickness  Temperature Rise
Standard Blue 0.051 57
Standard Blue 0.040 97

2.2.1.4 Oscillograph Data

See Figure 3.31

2.2.1.5 Observations

No visible damage




2.2.2

2.2.2.1

2.2.2.2

Shot, 2

General Data

Date of Test: 24 March 1953

Test Aircraft: Model AD-2 Drone; No live occupant

(NOLO) flight.

Type of Test: 300' Tower (T-4), Ground elevation

4308" LSL.

Weapon Yield: 4O KT Planred,

Test Conditions

Altitude of Test Aircraft:

Temperature at Test Altitude:

Pressure at Test Altitude:
True Airspeed:

Slant Range from Burst:
Time for Shock Arrival:

Aircraft Gross Weight
(Shock Arrival):

Aircraft Angular Position:

Effects Data

(1) From Weapon

2.,.5 Radiochemical

10,800" MSL; 6200 above
burst.

33°F

9.50 psi

L77 fps

t, 8100', tg 10,900!

2,0 sec

13,360 1b.

» 50°; tg, 34°

from horlzontal (0)

Thermal Radiatien (cal/cmz)

Port Wing Calorimeter:
Tail Calorimeter:

Port Wing Thermal Indi-
cator Cloth:

Tail Thermal Indicator
Cloth:

Normal to Horizontal
Plane:
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9.8; (10.6, filter
correctlon, 83)
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~Gamma Radiation - Shot 2

Location Dosa%e

Inside Cockpit:

Shielding
Material Thickness, in.

Behind Headrest L.2 Aluminum 0.174
Rubber and e¢loth 0.75
Gasoline 7.8
On floor, forward 4.2 Aluminum 0.683
On floor, port 2.5 Aluminum 0.464
Rubber and cloth 0.75
Gasoline 35.6
Inside Wing Fold:
Port 6.0 Aluminum 1.55
Starboard 6.0 Aluminum 1.55
Inside Rear Fuselage:
Starboard 8.8 Aluminum 0.040

(2)

Free Stream Overpressure (psi)

Starboard Wing Pressure Pickup: 1.0
On Test Aircraft

Incremental Normal Acceleration (g's)

Center of Gravity Accelerometer: 3.8
Tail Accelerometer: 3.6
Center of Gravity, Calculated: 2.1,

Aircraft Attitude Change (deg)

Pitch Gyro: 2.5 Nose down
Roll Gyro: 0
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Incremental Structural Loads Above 1 g Level Flight - Shot 2
% of Design
Measured Load Limit Load

Starboard Wing Bending 947 x 103 19.7
(Sta. 57) in. 1b.

Port Wing Bending 829 x 103 17.2
(Sta. 57) in. 1b.

Port Wing Bending 559 x 10° 22.9
(Sta. 107) in. 1b.

Port Wing Bending 328 x 103 27.3
(sta. 162) in. 1b.

Port Wing Shear 9.00 x lO3 1b. 22,5
(sta. 57)

Port Wing Torsion 29.0 x 1O3 2.1
(Sta. 57) in. 1b.

Port Stabilizer Bending 72,5 x 10° 26.7
(Sta. 21) in. 1b.

Port Stabilizer Shear 1.86 x lO3 1b. 23,2

(Sta. 21)

Temperature Rise in Aircraft Skin, °F - Shoi 2

Color Skin Thickness Temperature Rise

Standard Blue 0.064 »171 ¢ 190

Standard Blue 0.051 2171 < 190

Standard Blue 0.051 156

Standard Blue 0.051 *187

Standard Blue 0.040 #225

Standard Blue 0.032 250

Black 0.051 Y171 ¢ 150 ]
Black 0.051 > € 190

Aluminized Lacquer 0.064 | 138 )
Aluminized Lacquer 0.040 156
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Aluminized Lacquer 0.040 )RIIN {156

Aluminized Lacquer 0.040 138
Heat Resistant White 0.040 138
Heat Resistant White 0.032 D14 { 156

* Temperature gage measurements. All other are temperature sensitive
paper measurements.,

2.2.2.4 Oscillograph Data

See Figs. 3.29 and 3.30. Values used for the approximately
0.1 sec interruption of strain gage amplifier operation were estimated,
based on damping ratios established using strain gage records from
Shots 1, 8 and G.

2.2.2.5 Observations

All standard blue paint on 0.016 alclad aircraft skin on
‘the under side of the control surfaces was scorched except in the
imnediate vicinity of the rivets (see Figs. 2.1, 2.2 and 2.3). 4ll
standard blue on 0.020 skin was scorched except where in contact
with hLeavier structural members (see Fige 2.&). None of the
standard blue paint on .025 skin was scorched with the exception of
the curved portion aft of the rear shear web which was directly
facing the burst point (see Figs. 2.4 and 2.5), and the hinped aft
edge of the outboard wing panel which was exposed to direct radiation
from the underside as well as indirect radiation received through the
aperture between this panel and the aileron (see Fig. 2.€). Slight
irregular scorch on blue paint marks were noted on the underside of
the outboard wing panel on skin up to and including 0.032 (see Fig.
2.7).

The rubberized fabric aerodynamic seals between th: ele-
vator and horizontal stabilizer were destroyed (see Fig. 2.8). The
alleron seals were not directly exposed to thermal radiation and
these remained intact. The fabric lightening hole covers on the
horizontal stabilizer rear spar were burned through where direct
thermal radiation was received (see Fig. 2.9). The airplane in
this test had covered wheel wells so the tires were not exposed.
There was no thermal damage to the tires.

2.2.3 Shot 7

2.2.3.1 General Data

Date of Test: 25 April 1953

Test Aircraft: Model AD-2 Drone; NOLO
Flight, Aircraft Destroyed.




2.2.3.2

2.2.3.3

Type of Test: 300' Tower (T-1), Ground
Elevation 4238' MSL

Weapon Yield: 33 KT Planned, 43.4 KT
Radiochemical

Test Conditions

Altitude of Test Aircraft: 10,450 MSL; 5900' above
burst

Temperature at Test Altitude: A43°F

Fressure at Test Altitude: 10.08 psi

True -Airspeed: 417 fps

Slant Range from Burst: to, 6,200'; tg, 6700!
Time for Shock Arrival: 3.75 sec

Aircraft Gross Weight 13,400 1b,

(Shock Arrival):

Aircraft Angular Position: to 73°; tg 60°30' from
horizontal; (©)

Effects Data

(1) From Weapon

Thermal Radiation, (cal/cm?)

Port Wing Calorimeter: 19.4; (20.9, filter
correction, 8%)
32 to 35 (corrected for 1/2
to 3/l fireball miss)

Normal to Horizontal Plane: 5.6

Free Stream Overpressure (psi) - Shot 7

2.7 estimated.
Based on Project 5.1 flight test data and observation,
as given in this report.

(2) On Test Aircraft

Incremental Normal Acceleration (g's)

Center of Gravity Acceleration: 1€, estimated.
Based on calculated 8.25 g, Project 5.1 flight
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test data and observation, and assuming that
thermal damage had no effect on acceleration.

Aircraft Attitude Change (deg)

Pitch Gyro: 65 Nose Down
Roll Gyro: 85 Right Wing Down

Incremental Structural Loads Above 1 g Level Flight

Estimated % of Design
Load Limit Load

Starboard Wing Bending (Sta. 57)  3.38 x 100 in. 1b. 70

Port Wing Bending (sta. 57)  3.38 x 106 in. 1b. 70
Port Wing Bending (sta.107)  2.08 x 10% in. 1b. 85
Port Wing Bending (Sta.162) 093 x 10® in. 1b. 80
Port Wing Shear (sta. 57) 35.6 x 103 1b. 90
Port Wing Torsion (sta. 21) 50  x 103 in. 1b. 5

Port Stabilizer Bending (Sta. 21) 304 x 10° in. 1b. 110
Port Stabilizer Shear (Sta. 21) 7.79 x 103 1b. 100

Based on Project 5.1 data and observation,
as given in this report.

Temperature Rise in Aircraft Skin (°F)

Color , Skin Thickness Temperature Rise
Standard Blue 0.064 500
Standard Blue 0.016 1200

Temperature Rise in Aircraft Skin (°F) - Shot 7

Color Skin Thickness Temperature Rise
Aluminized Lacquer 0.064 400
Aluminized Lacquer 0.040 L50%#
Bare Aluminum 0.066 300

\ Bare Aluminum 0.016 800
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Heat Resistant White 0.06y 200

Heat Resistant White 0.016 600

# Temperature sensitive paper measurement. All others estimated,
based on Project 5.1 flight test data and observation, as given
in this report.

2.2.3.4 Oscillographic Data

All pertinent oscillographic data for the period after
shock arrival was unintelligible, The time history of thermal radia-
tion measured from burst time to time of shock arrival is included
in Fig. 3.2.

2.2.3.5 Qbservations

In this test the actual yield exceeded the planned yield
by greater than 30 per cent. Since the aircraft was positioned for
near critical weapon eff:cts based on the planned yield, the result-
ing thermal radiation severely damaged or weakened all the blue
painted skin on the underside of the wing. The thermal damage to
the aircraft skin is presented in Table 2.1.

TABLE 2.1 Thermal Damage to Aircraft Skin - Shot 7

Surface Finish Effects Figure No.,
0.016 Skin Thickness

Standard Blue Panels missing except for small 2.10; 2.11
circular pieces around each
rivet
Standard White Panels missing e xcept for edges 2.12; 2.19
Aluminized Lacquer|Panels missing except for edges 2.13; 2.14
Heat Resistant Panels remained intact 2.15
White
Bare Aluminum Pieces missing; panel broken 2.15

along center line

0.025 Skin Thickness
Standard Blue Panel missing except for edges 2.10; 2.13

Standard White Pieces missing; panel broken 2.12
along center line

Aluminized Lacquer |Panel broken along center line 2.13




TABLE 2.1 - Continued

ISurface Finish Effects Figure No.
Aluminized Lacquer|Pieces missing; panel broken 2.14

along center line

Heat Resistant Panels remained intact 2.15
White
Bare Aluminum Panels remained intact 2.15

0.032 Skin Thickness

Panel missing except for edges. 2.16

NOTE: White lettering gave
added protection.

Standard Blue

leat Resistant
White

Panel remainted intact 2.17

0.040 Skin Thickness

Pieces missing; panel broken 2.18; 2.14;
along center line, except on 2,16
narrow panels,

NOTE: White lettering gawve
added protection.

Standard Blue

Aluminized Lacquer |Panel remained intact 2.18
0.051 Skin Thickness (AL-3-50)
Standard Blue Skin apparently unaffected; paint 2.16
scorched

The blue 0.025 skin on the hinged aft edge of the outboard
wing panel in some places suffered the same damage as 0.016 skin on
other parts of the wing. This panel was exposed to direct radiation
from the underside as well as indirect radiation received through the
aperture between this panel and the aileron (see Fig. 2.14). This is
seen to be consistent with the damage experienced in Shot 2, as shown
in Fig. 2.6.

The fabric lightening hole covers destroyed in Shot 2 were
replaced with fabric covers coated with aluminized lacquer. These
covers were slightly scorched but not bumed through (see Fig. 2.19).
Aileron seals remained intact (see Fig. 2.11). The top side of the
wing gave no indication of thermal damage other than softening of
standard blue paint on 0.016 skin on the aileron (see Fig. 2.20)
where the under side skin was completely destroyed.

No effects directly attributed to overpressure were

noted.
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The above information was obtained from the wing outboard
panels and sections of the elevator and horizontal stabilizer which
were torn off at shock arrival and received only minor additional
damage due to the fall. FHvidence indicates that the wing fallure
resulted when the thermally weakened skin was further damaged by §
shock effects, thereby reducing the over-all strength of the wing.

The sections of the empennage were torn off when struck by the wing
panels. - -

2.2.4 Shot 8

2.2.4.1 General Data

Date of Test: 19 May 1953
Test Aircraft: Model XBT2D-1 Drone,
NOLO Flight
Type of Test: 300" Tower (T-3a), Ground
elevation 4025' MSL
Weapon Yield: 37 KT Planned; 27 KT .
Radiochemical
2.2.4.,2 Test Conditions .
Altitude of Test Aircraft: 11,200' MSL;
6,900! above
burst

Temperature at Test Altitude: 39°F

Pressure at Test Altitude: 5.8 psi
True Airspeed 386 fps
Slant Range from Burst: to, 7200';
tg, 8100!
Time for Shock Arrival 5.6 sec

Aircraft Gross Weight '
(Shock Arrival): 12,800 1b. .

Aircraft Angular Position: tos 73°;
tg, 58° from -

horizontal; (©)




2.2.4.3 Effects Data - Shot 8

(1) From Weapon

Thermal Radiation (cal/cm?)

Port Wing Calorimeter:

17.8; (19.2, filter
correction, 8%

Starboard Wing Calorimeter: 24.9; (26.9, filter

correttion, 8%

Port Wing Thermal Indicator Cloth: 17
Starboard Wing Thermal Indicator Cloth: 27
Nomal to Horizontal Plane: 25.4

Gamma Radiation

Dosage Shielding
Location (r) Material Thickness
Inside Cockpit 28 Aluminum 0.25 to 0.75 in.
Rubber and cloth C to 0.75 in.
Gasoline 5 to 15 in.
Inside Wing Fold, Por* 38 Aluminum 0.051
Starboard 38 Aluminum 0.051
Inside Rear Fuselage LE Aluminum 0.040

Underside of Starboard Wing 52.5

(2) On Test Aircraft

No shielding

Free Strean Overpressure (psi)

Port Wing Pressure Pickup: 1.8

Incremental Nommal Acceleration (g's)

Center of Gravity Accelerometer:

Tail Accelerometer:

Center of Gravity Calculated:

8.6
8.5
L.52

Aircraft Attitude Change (deg)

Pitch Gyro: 8.1 nose down
Roll Gyro: L right wing up
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Incremental Structural Loads (Above 1 g Level Flight) -

Shot 8
Measured % of Design
Load Limit Load

Starboard Wing Bending (Sta. 57) 1,970 x 10° in.1b. 11

Port Wing Bending (Sta. 57) 1,950 x 10° in.1b. 40.5
Port Wing Bending (sta. 162) 546 x 10° in.1b. L5.5
Port Wing Shear (Sta. 57)  15.97 x 10° 1b.  40.0
Port Wing Torsion (sta. 57) 35.00 x 10° in.lb. 2.5

Starboard Stabilizer
Bending (Sta. 21)  154.5 x 10° in.1b.  56.9

Port Stabilizer Bending (Sta. 21)  139.6 x 103 in.lb. 51.4

Starboard Stabilizer
Shear (Sta. 21) 3.71 x 10° 1b. 164

Port Stabilizer Shear (Sta. 21) 3.54 x 10° 1b. L3.6

Temperature Rise in Aircraft Skin, oF

Color Skin Thickness Material Temperature Rise
Standard Blue 0.06L 24ST 225
Standard Blue 0.0k 755T >250 < 288
Stardard Blue 0.051 24 ST >250 <351
Standard Blue 0.051 24,57 >250 < 288
Standard Blue 0.051 24ST >250 <351
Standard Blue 0.051 —- 250
Standard Blue 0.040 24,5T >322 < 442
Standard Blue 0.040 24 ST >288 <442
Standard Blue 0.032 248T >351 <442
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Color Skin Thickness Material Temperature Rise

Standard Blue 0.032 525H34 >322 <442
Standard Blue 0.025 - > 401 <482
Standard Blue 0.020 24,50 >482 <579
Standard Blue 0.020 24,50 >401 < ub2
Standard Blue 0.016 24LST >h4h2 <579
Standard Blue 0.016 24,3T >351 <442
Black 0.051 2L3T 351
Black 0.051 243T >250 <351
Aluminized Lacquer 0.064 755T >17, <190
Aluminized Lacquer 0.040 755T 225
Aluminized Lacquer 0.040 2437 >225 <250
Aluminized Lacquer 0.040 2LST 250
Aluminized Lacquer 0.025 -- >351 <442
Aluminized lacquer 0.020 - >351 <442
Aluminized Lacquer 0.016 24L,ST >L01 <482
Standard White 0.040 243T >17, <225
Standard white 0.020 2430 250
Standard White 0.016 24T >225 <250
Heat Kesistant White 0.040 753T 225
Heat Resistant white 0.040 24L,5T 156
Heat Resistant White 0.032 2LST 225
Heat Resistant White 0.032 525H34 >156 <174

Heat Resistant White 0.032 523H34 >156 <190




Color Skin Thickness Material Temperature Rise

Heat Resistant White 0.025 - >156 <190
Heat Resistant White 0.020 2450 >171 <190
Heat Resistant White 0.020 24,50 >190 <225
Heat Resistant White 0.016 24ST >171 <225
Heat Resistant White 0.016 2450 >190 <225
Bare Aluminum 0.040 24LST 225
Bare Aluminum 0.040 24L,ST 190
Bare Aluminum 0.040 24L5T >225 <250
Bare Aluminum 0.032 525H3L >225 <291
Bare Aluminum 0.C25 —— 250
Bare Aluminum 0.020 2450 >288 <322
Bare Aluminum 0.016 24L5T >250 <351
Bare Aluminum 0.016 24L,5T >250 <351
2.2.4.4 Oscillographic Data

Figures 5.25 and 3.26 contain direct reproductions of the
oscillograph traces at time of shock arrival. These traces were
separated as shown to eliminate the overlap of traces brought about
by the high level of the measured aeffects data.

2.2.4.5 Observations

In this test the complete underside of the aircraft was
stripped down to bare aluminum with except ion of panels on the
aileron and elevator (see Figs. 2.21, 2.22, 2.23, 2.29 and 2.30).

In addition, thermal panels consisting of 0.016 to 0.064 alclad air-
craft skin with different paint finishes were installed on the
underside of both flaps (Figs. 2.2k4, 2.25, 2.26, 2.27) as well as
on several locations on the wing.

No thermal damage was visible on any unpainted aircraft
surface. The.0.016 blue painted control surface tips had the
paint completely burned of f and the surface itself was badly warped.
Due to the fact that all flap specimens were hand painted under
field conditions, direct visual comparison with specimens prepared
by standard procedures was not readily obtainable; however, the sur-
face damage in all cases appeared consistent with the temperature




rise data given under "Results." These temperatures can be taken
as indicative of the thermal damage to the surface finish.

The fabric lightening hole covers destroyed in Shot 2
were replaced with heat resistant white covers. These remained
intact.

The airplane in this test had uncovered wheel wells,
The tires, exposed to direct thermal radiation, were covered with
heat resistant white paint. They experienced no themmal damage.

2.2.5 Shot 9

2.2.5.1 General Data

Date of Test: 8 May 1953
Test Aircraft: Model XBT2D-1 Drone, Manned Flight
Type of Test: Air Drop, Heipht of Burst 2432' above

ground, Ground Elevation 3708' MSL
Weapon Yield: 51 KT Planned, 26.0 KT Radiochemical

2.2.5.,2 Test Conditions

Altitude of Test Aircraft: 21,900' MSL; 16,400!
above burst

Temperature at Test Altitude: -17°F

Pressure at Test Altitude: 6.26 psi
True Airspeed: 420 fps
Slant Hange from Burst: tg, 16,400'; tg, 18,000'

at first shock; 18,700' at
third shock.

Time for Shock Arrival: 15.5 sec first shock;
19.8 sec third shoc/,

Aircraft Gross Weight (Shock Arrival): 13,150 1b.

Aircraft Angular Position: tos 85°; tg, 64° at first
shock, 60° at third shock;

(6)

2.2.5.3 Effects Data

(1) From Weapon

Thermal Radiation (cal/cm®)

Port Wing Calorimeter: 1.9; (2.0, filter correction,




8%) 2.8 to 3.3 (corrected for 1/2 to 3/l fireball
miss) :

Normal to Horizontal Plane: 3.6

Free-Stream Overpressure (psi)

irst shock

Starboard Pressure Pick-up: 0.5 f
0.1 third shock

Starboard Pressure Pick-up:

(2) On Test Aircraft

Incremental Normal Acceleration (g's)

2.3 First Shock,
1.0 Third Shock.

Center of Gravity Accelerometer:
Tail Accelerometer:
Center of Gravity Calculated:

Second Shock.

Aircraft Attitude Change (deg)

Pitch Gyro:
Down .
Roll Gyro:
Wing Up.

2.6 First Shock, 1.1 Third Shock.
1.42 First Shock, 0.43

3.2° First Shock, 2.4° Third Shock, Nose

3° First Shock, 3.7° Third Shock, Right

Incremental Structural Loads above 1 g Level Flight

% of Design
Item and Location Measured load Limit Load
First Third First Third
Shock Shock Shock Shock
Starboard Wing Bending 58, x 100 243 x 100 12.1 5.1
(sta. 57) in.1lb. in.1b.
Port Wing Bending (Sta. 57) 52, x 10° 230 x 10°  11.8 I
in.1b. in.1b.
Port Wing Bending (Sta.162) 147 x 100 64 x 103 12.3 5.3
in.1b. in.1b.
Port Wing Shear (Sta. 57) A4.1h x 10° 2.7 x 103 10.3 6.7
1b. 1b.
Port Wing Torsion (Sta. 57) 18 x 10° -5.5 x 10° 1.3 Ol
in.1b. in.1b.
Starboard Stabilizer Bending 43.2 x 103 18.4 x 103 15.9 6.8
(sta. 21) in.1b. in.1lb.
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R

% of Design

Item and Location Measured Load Limit Load
First : Third First : Third
Shock : Shock Shock ¢ Shock
Port Stabilizer Bending 35,7 x 10® 15.5 x 10° 13.1 5.7
(Sta. 21) in.1b. in.1b.
Star Stabilizer Shear 1.76 x 10° 600 1b. 22.0 7.5
(sta. 21) 1b.
Port Stabilizer Shear 1.11 x 103 360 1lb. . 13.9 Le5
(Sta. 21)

Temperature Rise in Aircraft Skin (°F)

Color Skin Thickness Temperature Rise

Blue 0.012 185 *

#Results of three identical readings.

2.2.5.4 Oscillographic Data

Figures 3.32 and 3.33 present the oscillographic data
associated with the first and third shocks. The second shock, which
occurred 0.5 seconds before the third shock, was so small that no
accurate effects readings could be made.

2.2.5.5 Observations

No visible effects damage.

TABLE 2.2 Summary of Primary Data for All Shots

Test, Conditions |Shot 1 | Shot 2 | Shot 7! Shot 8 | Shot 9
¢ 1 9 5 3 )

Date of Test 17 Mar 2L Mar 25 Apr 19 May 8 May

Test Aircraft AD-2 AD-2 AD-2 XBT2D-1 | XBT2D-1
Manned NOLO NOLO NOLO Manned

Test Area T-3 T-4 T-1 T-3a Frenchman
Yucca Yucca Yucca Yucca Flat

Ht. of Burst 4325 1,608 4538 4325 5510

(ft MSL)

Ground Eleva- L025 4,308 4,238 54025 3078

tion (ft MSL)




TABIE 2.2 (Continued)

Test Conditions |Shot 1 | Shot 2 | Shot 7 | Shot 8 | Shot 9
Planned Yield 15 40 33 37 31

(KT) (Radchem)

Actual Yield 16.2 2L.5 L3.4 27.0 26.0
(KT)

Aircraft Alti- 17,200 10,800 10,450 11,200 21,900
tude (ft MSL)

Aircraft Ht 12,900 6200 5900 6500 16,400
above Burst (ft)

Temp. at Test -CL 33 43 39 -17
Altitude (°F)

Pressure at 7.7 9.9 10.1 9.8 6.3

Test Alt.(psi)

Wind Velocity 270; 160; 265; 210; 250;

at Test Alt. 67 27 17 25 88

(deg and fps)

True Airspeed 359 L7 L17 386 4,20
(fps) -

Aircraft True 290 270 283 277

Course (deg)

Slant Range at 14,400 8100 6200 7200 16,400
t, (ft)

S1 ange at 16,800 10,900 6700 8100 18,000(a
peafp gne ’ ’ 181700&3
TABLE 2.2 (Continued)

Test Conditions Shot 1| Shot 2| Shot 7| Shot 8 Shot 9
Aircraft Weight 13,5501 13,360| 13,400 | 12,800 13,150
at tg (1b)

Position Relative 63 50 73 73 85

to Burst at t, (deg)

Position Relative 50.5 34 60.5 58 64(a)
to Burst at tg (deg) 60(c)




TABLE 2.2 (Continued)

Test Results

Thermal Radiztioni*
(cal /cm?)

Time of Shock
Arrival (sec)

Overpressure (psi)

c.g., Acceleration
(Ag) Meas.

Tail Accelerztion
(Ag) Meas.

Incremental Wing Loads
(£ of Design Limit Load)

Inboard Bending
Inboard Shear

Incremental Tail loads
(% of Design Limit Load)

Bending

Shear

3.2

4.4

0.3
2.1

2.0

11

12

17
15

12.8

8.0

1.c

3.8

3.6

18

22

27
23

54.6

3.75

16(est)

16(est)

70

90

110

100

25.4

5.6

1.8

8.6

8.5

40
Lo

51
L5

3,7
First [Third
Shock | Shock

15.5 | 19.8
0.5 0.1
2.3 1.0
2.6 1.1
12 5
10 7
13 6
15 5

¥ Normal to horizontal plane.

Fig. 2.1 AD-2, Starboard Aileron Showing Scorched Blue Paint on 0,016

Skin - Shot 2
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Fig. 2.3 AD-2, Port Elevator and Horizontal Stabilizer
‘ Showing Scorched Blue Paint on 0.016 Skin -
Shot 2




Jo4G -~ gedng oYy BuToej

qaM aesyg Jesy Jo 33¥ UOTLI0d paadnd mcﬁshom utig 420°0 uo pue
‘UTHS 0200 U0 JuTed onTd payoIoog Jutmoug derg FutM 3Jod ‘Z-qQV

W'z "B

48




.

e S

g

A

AD-2, Port Wing Flap Showing Scorched Blue Paint on 0.025 Skin Forming Curved

Portion Aft of Rear Shear Web Facing the Burst - Shot 2

Fig. 2.5




Fig. 2.6

AD-2, Port Wing Showing Scorched Blue Paint on 0.025
Skin on Hinged Aft Edges of Wing Panel =~ Shot 2




AD-2, Port Wing Panel and Tip Showing Scorched Blue Paint on 0,032 Skin - Shot 2

Fig. 2.7
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Fig. 2.16 AD-2, Outboard Port Wing Panel and Wing Tip
Showing Wing Tip Intact. Note how white star
protected 0.032 skin. ~ Shot 7
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. Fig. 2.17 AD-2, Outboard Port Wing Panel Showing Heat
Resistart White Painted 0.032 Plate - Shot 7
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AD-2, Outboard Port Wing Panel Showing
‘Aluminized Lacquered 0.040 Plate - Shot 7
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d Lacquer on 0,016 and 0.025 Skin - Shot 8

inize

XBT2D-1, Starboard Aileron Showing Scorched

Alum

Fig. 2.21
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XBT2D-~1, Starboard Wing Flap with Thermal Test
Panels Installed, Inboard Portion - 3Shot 8

Fig. 2.25
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XBT2D-1, Port Wing Flap with Thermal Test

Fig, 2.27

Panels Installed, Inboard Portion - Shot 8
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CHAPTER 3

DISCUSSION

3.1  GHVERAL

The data in this report permit the determination of a relatively
complete picture of weapons effects on AD type aircraft for a repre-
sentative escape position following the delivery of an atomic weapon.
In the presentation of these data, certain relationships are indicated
by means of curves superimposed on the basic data. Limited theoretical
analyses were employed in arriving at these cwves and it is conceiv-
able that some changes may result when more detailed analytical meth-
ods are applied. In all cases, however, the recorded data presented
herein are considered accurate to within * 5 percent of the maximum
readings obtained.

3.2  THERMAL EFFECTS

3.2.1 General

Although the flight test thermal radiation and temperature
data as measured on the inside face of the aircraft skin show reason-
able consistency and agreement with thermal damage and with expected
values, initial results of metallographic studies of the internal
structure of skin specimens from these flights (Appendix A) indicate
effects normally associated with temperatures far in excess of the
temperatures measured. This condition is believed to be a result of
microscopic themmal concertrations in the grain structure of the
material. These concentrations are associated with the extremely
rapid rate of thermal radiation. Structural tests on these specimens
indicate no loss in strength corresponding to the indicated metallo-
graphic damage. Accordingly the thermal data presented in this report
are considered to adequately represent the thermal information neces-
sary for aircraft structural considerations. The data presented in
Appendix B should prove to be of assistance in further analysis. It
is to be noted that although this phenomenon was not evidenced in the
ground specimens, it is believed that local comditions, such as the
dust layer, might have resulted in this discrepancy.
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3.2.,2 Themal Radiation

The aircraft and calorimeter orientation relative to the burst
point at t, for all shots is given in Figure 3.l. Alrcraft positions
with respect to CGround Zero at to were determined from automatically
plotted radar tracking data. Calorimeter orientations with respect to
the burst points and their fields of view were obtained from motion
picture films taken from GSAP cameras which were essentially mounted
on the axes of the calorimeters. Figure 3.2 gives the value of thermal
radiation as measured by the various calorimeters. These two figures
indicate certain facts with respect to ground reflection. In Shot 8
two calorimeters were used. The port wing calorimeter was pointed
back toward the burst point but aimed above it by approximately 30°¢.
The starboard wing calorimeter was mounted to measure thermal radia-
tion normal to the wing and was aimed approximately 15° below the
burst point. The direct readings of these two calorimeters were 17.8
and 24.9 ca.l/cm2 respectively. These values, increased to 19.2 ard
26.9 when corrected by + 8 per cent for the quartz filter on the cal-
orimeter; were verified by corresponding readings of 17 and 27 on
jidentically oriented cloth thermal indicators. The calculated direct
radiation received by these calorimeters is 12.3 ard 13.6. Using
ground reflectivity calculations with a least squares value of albedo
of 0.55 based on data from Shots 1, 2 and 8, the calculated total
thermal radiation for these two installations is 20.8 and 25.7. These
values are seen to correspond closely to the true calorimeter readings.
The fact that the starboard wing calorimeter would have been exposed to
maximum effects of ground reflection in addition to direct radiation
from the fireball appears to justify its reading. The effect of re-
duced ground reflection on the port calorimeter similarly explains its
lower reading. In Shot 9 the position of the fireball is approaching
the + 45° field of view limit of the calorimeter and as such it is ex-
pected that a large portion of the direct thermal radiation from the
burst would be missed. This is more strongly evidenced in Shot 7
where the fireball is partially outside of the calorimeter field of
view. Almost the entire thermal reading for this condition would be
due to reflected thermal radiation. Considering all such factors,
estimates for thermal radiation received normal to the wing can be
made for the shots in which it was not directly measured. Figures 3.3
and 3.4, based on ref (9), present the reflectivity information used
for this work. A caomparison of calculated and measured calorimeter
readings is given in Figures 3.5 and 3.6. The results appear to verify
the ground reflection effect indicated in ref (7), where reflection
from the ground was estimated to be 50 per cent of the direct radia-
tion.

3.2.3 Aircraft Skin Temperature Rise

Temperature rise in aircraft skin, was initially assumed to be
directly proportional to the heat received and to the reciprocal of
skin thickness. The time histories of temperature rise shown on Figure
3.7 indicate that the cooling rate is an important factor in this prob-
lem. Figure 3.8 shows the general agreement between measured cooling
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rates and those calculated following the methods of ref (14), if the
proper assumption of turbulent or laminar flow is made.

A lowering of effective absorptivity values for thinner skin
independently of surface finish 1s shown in Figures 3.9 through 3.13
for Shot 8 specimens. The curves through the test points were drawn
with an attempt to minimize this effect. Figure 3.1l4 summarizes these
data in the form of a family of curves based on readings from tempera-
ture sensitive papers. Two temperature sensitive gage readings are
included as an indication of the general agreement of data measured by
two different devices., Figure 3.15 is a summary of temperature rise
data from Shot 2. Although the data were limited, it can be seen that
curves of the same characteristic shape fit the points. An indication
of the range of equivalent absorptivities for different surface finish
and skin thickness for Shot & and Shot 2 is given in Figure 3.16. The
effect of aerodynamic cooling does not appear to fully explain the
lowering of the effective absorptivity values for thinner skins. This
can be seen in Table 3.1 which compares the equivalent absorptivity
values for representative cases of surface finish and skin thickness
in Shot 8 with absorptivities considering the methods of ref (14). The
same general trend of lower absorptivity for thinner skin is indicated
here. In a discussion of an equivalernt absorptivity value it is im-
portant to remember that it is dependent on the amount of heat assumed
to be received by the material. Any amount of heat added or lost as a
result of thermal damage to surface coatings will have a tendency to
influence this value. Using average values for these absorptivities
and the assumed nommal thermal radiation of 55 cal/em?, the tenpera-
ture rise in 0,016 and 0.064 in. skin for 3hot 7 was estimated. The
two estimated values for skin with an aluminized lacquer finish appear
to substantiate the L50°F temperature rise in the 0.04C in. skin. The
predicted temperature rise appears consistent with the observed damage
for the aircraft skin in this shot. References (15) and (16) present
the results of preliminary metallurgical studies conducted in an
attempt to determine the approximate temperature attained by the air-
craft skin in Shot 7. The data in Appendix A are the results of addi-
tional work of a similar nature.

The extreme importance of aircraft skin surface finish is
readily seen in the results from Shot 7. Keat resistant white painted
panels remained intact where similar panels with standard blue paint,
subjected to identical thermal radiation, were completely destroyed.
Bare aluminum held up almost as well as heat resistanmt white but in all
cases experienced higher temperatures, It is to be noted here that
heat resistant white and standard white paint afford roughly the same
protection as long as the finish is not charred., At thermal levels
high enough to seriously affect the stamdard white surface, it proves
to be no better than aluminized lacquer. Field analysis of the struc-
tural failures which caused loss of the drone in Shot 7 were conducted
by project personnel and representatives of the Structures Department,
Douglas Aircraft Co. Indications are that the aircraft might have sur-
vived had the under skin been bare aluminum or painted heat resistant
white instead of standard blue.
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TABLE 3,1 - Calculated Absorptivity Values - Shot 8
(Turbulent Flow Assumed)

SPECIMEN ABSORPTIVITY
Color |Skin Thickness (in. Reference (11 Figure 3.13
e
Blue
0.025 0.415 - 0,505 -
0.064 0.483 0.L6L
Aluminum
0.025 0.245 —_—
0.040 0.27, _—
0.064 — 0.256
Heat 0.016 0.103 - 0.141 0.146
Resistant
White 0.025 0.178 - 0.280 —_
0.040 0.215 -
0.08, —_ O.244

The coating of other thermally vulnerable items, such as fabric
seals and rubber tires, with heat resistant white paint permitted them
to withstand approximately four times the thermal radiation that they
could in their natural state.

3.3 NUCLEAR RADIATION

3.3.1 Gama Radiation

Gamma radiation was considered to be the most important of the
nuclear radiations. Gamma measurements were made at several locations
on the aircraft. These measurements are presented in Figure 3.17 as
compared to calculated gamma radiation where aircraft motion, density
at point of burst, and aircraft clock position were considered. The
reading underneath the wing, where there was no protection from direct
radiation, was the highest reading. The lower readings, inside the
rear fuselage, inside the wing folds and inside the cockpit for both
Shot & and Shot 2, were roughly proportional to the amount of struc-
tural shielding associated with these locations. The materials provid-
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ing shielding are listed under Results for these two shots. The data
from Shot 1 and Shot 9 were too low to be of significance, being less
than O.1ly. All pertinent garma infomation is summarized on the basis
of a 1 KT yield in Figure 3.18,

3.3.2 DNeutron Radiation

Thie effects of neutron radiation were assumed to be negligible
for all test positionms.

3.4  OVERPRESSURE AND GUST EFFECTS

3.4l OQverpressure

Shots 1, 2, 7 and 8 had 300 ft burst heights while Shot 9 had
a burst height of 2400 ft. On the basis of the triple point trajectory
curves in Figure 3.19 it can be seen that the aircraft position for
Shot G was in the free air region. For all other shots the aircraft
was in the region of reflection and the calculated pressures were con-
sidered to be produced by a weapon with a yield of 1.8 times the given
radio-chemical yield.

For threse conditions, measured overpressures were found to be
in close agreement with calculated when thie method of ref (17) was
employed in reducing the data. This consisted of taking the best
straight line through that portion of the overpressure record which
exhiibited conventional smooth behavior, and extenaing it back to time
of shock arrival.

Time of shock arrival for ground burst data was found to be in
close agreement with shock arrival times in the region of reflection.
Converting the free air yield of Shot 9 to an equivalent ground burst
yield using the 1.8 reflection factor, brings this point exactly on the
(Figure 3.20) shock arrival curve. A comparison of measured and

calculated overpressure is given in Figure 3.21. Figure 3.22 presents
the measured overpressures in temms of a standard 1 KT free air burst.
The range of pressure and density ratios investigated is indicated in
Figure 3.23. The associated gust velocities are given in Figure 3.24.
The curves included here are good only for standard atmospheric con-
ditions. Since temperature is the factor governing the relationship
between gust velocity and altitude, an equivalent temperature altitude
based on measured temperature must be used for non-standard atmospheric
conditions.

No overpressure damage was noted up to approximately 2 psi.
In no case was any adverse overpressure effect on the structure noted
except when it occurred in conjunction with extremely high skin
temperatures.

3 4.2 ‘ Gust Effects

Gust effects were recorded in temms of accelerations and struc-
tural loads resulting from measured overpressures. These records are
reproduced in Figures 3.25 through 3.33. In all cases wing gust
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effects were noted approximately 0.0l sec after the tail as indicated
in Figures 3 25 and 3.26.

On the basis of a peak c.g. acceleration reading at a time
associated with peak wing loads, and an average of two peak tail accel-
erations occurring in the time interval between peak tail and peak
wing loads, excellent correlation was obtained between wing and tail
acceleration. A comparison between these measured accelerations and
corresponding calculated accelerations is given in Figure 3.34. The .
measured accelerations are seen to be almost twice the calculated
values for all tests. How much of this is due to elastic structural
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accelerations affecting the overall acceleration picture and how much
is due to limitations in the theoretical approach to the prediction of
these accelerations must be evaluated by future laboratory tests and
theoretical study. The fact that measured acceleration can be pre-
dicted consistently, however, is of great importance in view of the
general agreement between measured and calculated structural loads and
the relationship between load and acceleration (see Equation 1.10).
The comparison beiween measured and calculated loads is made in
Figures 3.35 through 3.39. Although in this particular airplane the
dynamic overstress appears to approximately compensate for the gust
alleviation, the fact that the recorded loads exhibit frequencies cor-
responding to first symmetrical bending illustrates the importance of
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considering aeroelastic effects even on rigid aircraft. Figure 3.35
shows the time-history of the pitching motion of the drone aircraft
during the period of shock arrival for Shots 2 and 8, indicating that
pitching motion had a negligible effect on aircraft loading during the
first 0.1 sec after shock arrival.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

.1 CONCLUSIONS

4.1l.1 Thermal Effects

a. Thermal radiation on aircraft in flight in clear air is a
result of ground reflection as well as direct radiation from the fire-
ball. Additional thermal radiation may also be received from clouds
through reflection, depending upon cloud location with respect to both
aircraft and burst point. As such, refs (1) and (8) appear to be
inadequate for predicting thermal effects on aircraft in flight unless
reflectivity calculations, such as are outlined in ref (9), are in-
cluded.

b. Heat resistant white paint provides aircraft skin with a
greater degree of protection from thermal radiation than any other sur-
face finish tested. Next to heat resistant white, bare aluminum
appears to offer the best protection against thermal damage. Aircraft
skin painted standard blue is extremely vulnerable to thermal damage,
being able to stand less than one-third of the thermal radiation with-~
stood by skin painted with heat resistamt white. Use of white or light
colored paint on tires, aerodynamic seals and other dark colored
materials provides similar protection against thermal radiation.

c. Microscopic thermal damage as indicated by metallographic
tests on aircraft skin specimens does not appear to be an important
factor where structural considerations associated with thermal radia-
tion are involved. Temperature rise measured by temperature sensitive
papers and strain gages on the back of these specimens appear consis-
tent with structural thermal damage and as such are believed to be
applicable to the investigation of aircraft thermal limitations as
treated in this report.

d. Thermal damage to paint finishes, such as standard white,
may modify its absorptivity characteristics. Equivalent absorptivity
for a given finish appears to be affected by skin thickness and aero-
dynamic cooling. Reference (14) provides a satisfactory means of cal-
culating the cooling rate if the aerodynamic flow conditions are
known.




L4.1.2 Overpressure and Gust Effects

a. When the yield of the weapon and the position of the air-
plane are known, the time of shock arrival may be predicted with
negligible error.

b. The methods of predicting overpressures encountered by
aircraft in flight in the vicinity of an atomic blast produce results
which are in agreement with measured values to within * 0.1 psi.

c. Overpressure up to at least 2 psi has no adverse effect
on the structure of AD type aircraft. Overpressure effects in Shot 7,
for approximately 3 psi, were masked by the associated thermal damage.

d. The methods of ref (1) used in predicting the acceleration
introduced to AD type aircraft in flight by blast, appear to provide
agreement with a sustained or effective acceleration rather than with
the peak acceleration measured in flight. This is seen as a result of
the close correlation between measured loads and those calculated
using the accelerations determined by these methods.

Lel.3 General

a. Orientation of aircraft in flight with the longitudinal
axis pointed directly away from the burst should result in reduced
thermal and gust effects when compared with the positions investi-
gated in this report.

b. The installations for the measurement of blast effects, as
well as those used for the measurement of thermal effects, had certain
limitations in that the effects as measured may have been modified by
dynamic response characteristics associated with the airplane. Addi-~
tional information concerning thermal and shock inputs might be
obtained were comprehensive laboratory tests to be conducted to
establish the dynamic characteristics of the complete measuring
systems as installed in the test aircraft.

4.2  RECOMMENDATIONS

The following recommendations are made, based on data presented
in this report.

L.2.1 Thermal Effects

It is recommended that:

a. Additional thermal radiation measurements in flight. be
made when opportunity permits, in order to further evaluate the effect
of ground reflectivity. Time histories of aircraft skin temperature
rise for various thicknesses and surface finishes should be included.
Metallographical studies should be made on all specimens to provide
additional data on measured temperatures and thermal damage.

b. Theoretical methods for predicting temperature rise and
thermal effects on aircraft skin be further investigated in order to
provide closer correlation with thermal phenomena as measured and
observed. :




¢. In those atomic weapon delivery problems where critical
thermal conditions exist, consideration be given to the use of a skin
finish of naval aircraft with better thermal characteristics than that
of the standard blue paint., Tires, aerodynamic seals, and other
exposed materials should be similarly protected.

L.2.2 Overpressure and Gust Effects

It is recommended that:

a. Dynamic analysis methods for predicting wing and tail loads
on AD type aircraft be investigated in an attempt to provide additional
correlation with flight test data.
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SYMBOLS AND DEFINITIONS

Speed of sound at aircraft altitude, feet per second.
Speed of sound at burst height, feet per second.
Instrument operational frequency, cycles per second.
Slope of lift curve, per radian.

Gamma dosage, roentgens.

Normal accelerometer indication, non-dimensional.

Incremental normal accelerometer indication, non-dimen-
sional.

Burst height above ground, feet.
Aircraft height above ground, feet.
Aircraft height above burst, feet,h2-h|

Unit 5eflected thermal radiation from ground, per centi-
meter®.

Mean sea level.
No live occupant in drone aircraft.

Atmospheric pressure at aircraft altitude, pounds per
square inch.

Atmospheric pressure at burst height, pounds per square
inch.

FPeak instantaneous pressure, pounds per square inch.
Overpressure, pounds per square inch.

Total themmal radiation, calories per square centimeter.
Range from point of burst to point in space, feet.

Range from point of burst to aircraft, feet.

Range from point of burst to point in space at burst
altitude, feet
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Adrcraft wing area, square feet.

Aircraft skin thickness, inches.

Time of burst, time zero.

Time of shock arrival, seconds from i, .
Absolute temperature of aircraft altitude, °R.
Absolute temperature at burst altitude, °R.
Aircraft skin temperature rise, °F.

Peak instantaneous aircraft velocity, feet per second.
Initial aircraft velocity, feet per second.
Gust velocity, feet per second.

Weight of aircraft, pounds.

Weapon yield, kilotons.

ingle between horizontal and line joining burst point with
aircraft, degrees.

Albedo, percent of thermal radiation reflected by a point,
non-dimensional.

P
Fuchs factor, non-dimensional; -4|—(2 IBA + 3% - 5)
A=e H H

Equivalent thermal absorptivity factor, incorporating all

. heat loss considerations, non-dimensional.

Initial ambient density at aircraft altitude, slugs per
cubic foot.

Ambient density at burst altitude, slugs per cubic foot.

Peak air density, slugs per cubic foot.

Altitude density ratio at burst altitude; A H/p
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APPENDIX A

METALLURGICAL TESTS OF SKIN SPECIMENS TAKEN FROM
MODEL AD TYPi ATRCRAFT EXPOSED IN FLIGHT
TO
THERMAL RADIATION FROM AN ATOMIC EXPLOSION

A.l  OBJECTIVES

The primary objectives of these metallurgical tests were:

a. to determine the strength properties of the various aircraft
skin specimens after exposure in flight to the thermal radiation from
an atomic explosion.

b. to determine the approximate magnitude of the maximum
temperature rise in the various aircraft skin specimens by ascertain-
ing whether or not melting of the clad and/or base metal occurred. .

A.2 METHOD

A.2.1 Strength Tests

Specimens for tensile tests were manufactured from samples of
the aluminum alloy skin cut from various portions of the underside o°
the test aircraft which participated in Shots 2, 7, and 8. Skin
samples were obtained having different thicknesses and surface fin-
jshes. Due to the restricted size and/or condition (thermal damage,
etc.) of the various skin panels from which samples were cut, sub-
standard size tensile specimens had to be manufactured.

SR-4 type strain gages were mounted on the various test speci-
mens and tensile tests conducted to determine ultimate strength, yield
strength, and per cent elongation. Where practical, at least three
tensile specimens were obtained and tested from the same skin sample.

A.2.2 Metallographic Examinations

Small specimens cut from each of the various skin samples were

mounted, polished, and subjected to microscopic examination. .
By comparing the data obtained from the metallographic exami-

nation of these specimens with existing data on the solidus and liquidus




temperature of the alloys, an estimate of the maxdmum temperature
reached by each specimen could be obtained. For example, the solidus
temperature for 245 aluminum alloy is 935°F and the solidus of the
cladding is 1190°F., If melting has occurred in the basemetal and not
in the cladding, the temperature reached was between these values.

A.3  RESULTS

A, 3.1 Strength Tests

The physical properties of ultimate strength, yield strength,
and per cent elongation of the specimens tested are listed in Table A.l
for Shot 8 and in Table A.2 for Shots 2 and 7. No attempt has been
made to compare these results with "standard" values due to the fact
that sub-standard size test specimens were used (elongation data not
comparable) and no test specimen material in its original condition
was available for establishing realistic reference standards. However,
the following handbook values as obtained from ref (18) are listed for
the different types of aluminum alloy specimens tested:

Ultimate Strength  Yield Strength, %
Material psi psi Elongation/2 in.
245 T3 Alclad 64,000 44, ,000 18.0
24,50 27,000 11,000 19.0
61S Té 45,000 40,000 12.0
755 T6 Alclad 76,000 67,000 11.0
AL3S0 16,000 6,000 30.0
52SH34 37,000 31,000 10.0
5250 27,000 12,000 25.0

A.3.2 Metallographic Tests

Results of the metallographic examinations indicating the max-
imum temperatures reached by the test specimens and their microstruc-
tural characteristics are listed in Table A.l for Shot 8 and in
Table A.2 for Shots 2 and 7. For purposes of comparison, the maximum
temperatures attained by the different test specimens as measured dur-
ing Shot 8 are also listed in Table A.l. These measurements were made
by means of maximum indicating temperature sensitive papers covering
the range from 130°F to 580°F in specified increments. The tempera-
ture papers were mounted on the interior surface of the aircraft skin.
Similar data are not available for comparison with the metallographic
test results listed in Table A.2,
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(a) Magnification: 150X

Description: Etched microstructure of sample heated below 900°F.

(b) Magnification: 150X

Description: Etched microstructure of submitted sample showing
evidence of surface melting.

Fig. A.1 - Photomicrographs Showing Unaffected and Slightly
Overheated Aluminum Alloy Sheets
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(a) Magnification: 250

Description: Etched microstructure showing the effect of melting
of base metal amd ummelted cladding.

(b) Magnification: 250X
Description:  Etched microstructure showing the effect of melting
.of both the cladding and base metal.

Fig. A.2 - Photomicrographs Showing the Effect of Overheating
24S Aluminum Alloy Sheet
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APPENDIX B

EFFECTS OF THERMAL RADIATION ON
THIN ALUMINUM ALLOY PANELS EXPOSED ON THE
GROUND TO AN ATOMIC EXPLOSION

B.1 OBJECTIVE

The objectives of these tests were:

a. to determine the values of the equivalent thermal absorption
coefficients for aluminum sheet metal panels of different thicknesses
coated with various aircraft lacquers when exposed on the ground to
thermal radiation from an atamic explosion.

b. to determine the magnitude of structural strength changes in
sheet metal panels prepared to simulate aircraft skins after exposure
to radiation from an atomic weapon.

B.2  BACKGROUND

The tests from which the reported data were obtained were made
at the request and with the cooperation of the Bureau of Aeronautics
to obtain data supplementary to that from the drone flight test pro-
gram during UPSHOT-KNOTHOLE. The circumstances under which these sup-
plementary data were to be obtained required that only passive types
of thermal instrumentation be employed. All test material was exposed
during Shot 9.

A significant variable for assessing the damage to aircraft skin
structure resulting from exposure to radiation of an atomic explosion
is the peak temperature reached by the exposed sheet metal. This peak
temperature for a given level of exposure is a function of surface con-
dition, material composition and skin thickness. For convenience in
assessing the effect of surface condition on peak temperature attained
a coefficient of equivalent thermal absorptivity has been defined as
follows:




- WCATt
Ho= Q
A

He (equivalent thermal absorptivity coefficient) = fraction
of QA absorbed by metal to produce temperature rise AT

density of material

=
0

C = specific heat of metal

AT = maximum temperature rise of metal during exposure

t = skin trickness
C§k= total radiant energy normal to unit area of skin
surface

B.5> T&ST DESCRIPTION

Three frames to which were attached 35 24 ST aluminum alloy
panels were placed at each of three stations at various slant ranges
from and with the faces of the panels normal to the intended burst
point of Shot §. EKach panel was hinged along its upper edge to per-
mit free rotation except for the frictional restraint offered by a
sheet metal clip bearing on the stiffener attached to the lower edge
of the panel. This frictional restraint was intended to initially
maintain the orientation of the panel with respect to the burst point
but not offer appreciable restraint against the blast pressure wave.
The panels were of various thicknesses and four types of surface
preparation. The surfaces of one group of panels were in the bare
ngs received" condition. The other three groups received a con-
ventional wash primer coating followed by a 2 mil coat of Military
Specification MIL-L-7178 cellulose nitrate lacquer on the surface
to be exposed. One of these groups received a glossy sea blue (color
#623) coat. A second group received a white (color #511 with omis-
sion of the blue tint) coat. A third group received an aluminized
coat. On the back close to the center of each panel was attached a
Temp Tape temperature indicator. Each of the three frames carried
along its upper edge a set of passive type thermal energy indicators.
Figures B.l and B.2 show the details of the panel and frame construc-
tion. Figures B.5, B.7, B.8, B.S and B.1l0 show the thermal energy
indicators on their mounting strip, a frame with mounted panels and
thermal energy indicators, an illustration of a Temp Tape installa-
tion, a frame with the temporary protective covering (removed before
the test exposure), and a frame set up at the test site with its
supporting braces.

In addition to the three frames, four AD airplane elevator sec-
tions were exposed at each of two of the three frame stations. The
orientations of the elevator sections are shown in Figure B.50.

Each elevator section carried either two or three Temp Tapes on the
inside skin surface of the exposed side.
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Each panel carried an identifying number. The arrangement of
panels in the frames is given in Figure B.3.

The actual burst point differed somewhat from the intended; how-
ever, the cosine of the angle between the lines from intended burst
point and actual burst point to a frame in all cases exceeded 0.97.
Slant ranges from actual burst point to the frames were as follows:

Station 1 (Frame 1) - 7150 ft
Station 2 (Frame 2) - 5330 ft
Station 3 (Frame 3) - 3800 ft
The AD airplane elevator sections were located at Stations 1 and 2.

After exposure tensile test specimens (Figure B.4) were cut from
the panels and elevator sections and yield and ultimate strength data
measured.,

Locations and numbering of the elevator tensile specimens and
Temp Tapes are given on Figure B.51. Specimens were taken in pairs
from directly opposite sides of the section, one from the exposed and
one from the unexposed side. An "E" is added to the identifying number
for the specimen taken from the exposed side.

B.4  INSTRUMENTATION

B.ksl Temperature Indicators

Peak temperatures reached by the sheet metal surfaces of the
test specimens were recorded by Temp Tapes. These devices were devel-
oped by the University of Dayton under contract with the Wright Air
Development Center. They consist of a fiberglas fabric coated on one
side with a pressure sensitive adhesive to which are attached an array
of 2/, temperature sensitive discs each approximately 1/8 in. in diam-
eter. The discs are of two types, the four to indicate the highest
temperatures are thin low-melting-point metals, the melting of which
indicates that certain temperatures have been exceeded. The other
sensitive discs are of the material developed by the Quartermaster
Research Laboratories (see ref(19)). They consist of a black absor-
bent paper base coated with white organic compounds of suitable melting
points. When the coated surface of the paper reaches the melting point
of the coating, the coating melts and is absorbed by the paper making
the surface appear darker. - Figure B.1l shows the adhesive coated side
of a Temp Tape and the temperature indicating discs. The Temp Tapes are
fastened by means of the pressure sensitive adhesive to the desired
surface, Calibrations made by the Naval Materials Laboratory were
employed in interpreting the Temp Tape data. The highest temperature
indicated on the Temp Tape is 640°F., Peak temperature indicated wes
generally taken as the average between the highest positive melting
temperature indicated and the lowest positive non-melting temperature
indicated. Several of the indicator discs which were found to be
unreliable were neglected in reading the data.

B.4.2 Thermal FEnergy Indicators

The themal energy indicators consisted of mounted cotton and




wool fabrics and maple-wood blocks. The degree of destruction or
charring of the material when compared to the degree of charring under
known conditions of irradiation provided an indication of the amount
of radiant energy to which the indicators were exposed. The
materials were provided by the Naval Materials Laboratory which also
evaluated the resulting data.

B.5 RESULTS

Test data on the panels are presented in Tables B.l, B.2 and
B.3. Ultimate and yield strength of unexposed test specimens taken
from the same 24ST aluminum alloy sheets from which the exposed panels
were fabricated are presented in Table B.4. Photographs of the panels
in the three frames after the test exposure are shown in Figures B.12,
B.13 and B.l4. Individual photographs of the 35 panels after the test
exposure are shown in Figures B.15 to B.49, inclusive. As shown in
the photographs, some of the specimens were distorted or damaged as a
result of their striking the back of the mounting cage at time of
shock arrival.

Test results on the type AD airplane elevator sections are pre-
sented in Tables B.5 and B.6. Photographs of both the exposed and
unexposed sides of the individual elevator sections are shown in
Figures B.52 to B.67, inclusive. Data for the equivalent absorptivity
coefficient against peak temperature attained for each type of surface
are presented in Figures B.68 to B.71l. Data for the equivalent
thermal absorptivity coefficient vs panel thickness for sea blue
lacquered surfaces are plotted in Figure B.72.

Radiant energy at the three stations are presented in Table B.7.
Values are given as indicated by the passive indicators mounted on the
frames. In addition values extrapolated from measurements made by the
Naval Materials Laboratory along the line of test frames utilizing
metal foils are presented. The Naval Materials Laboratory data were
used for the computations in this report as they were considered to
represent more accurately the conditions at the various panel sta-
tions. In the case of Station 3 no value was available from the
frame indicators.

The scatter in the thermal data obtained (Figures B.68, B.69,
B.70, B.71, and B.72) obscures many of the trends which would probably
otherwise be more distinct. Two such relationships are the expected
increase in equivalent absorptivity coefficient with increasing sheet
metal thickness and with declining total thermal energy. For the sea
blue lacquered panels sufficient data exist to permit plotting the
data by stations to demonstrate the trend (Figure B.72). A larger
nunber of panels and temperature indicators having a more closely
spaced set of temperature indications would have afforded more satis-
factory data. Some uncertainty exists as to the rapidity of response
of the temperature indicators, any lags in response would tend to make
the peak temperature readings somewhat lower than the true peak for
short temperature pulses.,




In frame 1, panels 8 and 10, although of the same gage metal
and having similar coatings, experienced markedly different peak tem-
peratures, the plate closer to ground reaching the higher temperature.
An explanation for this behavior is not presently available.

B.6  CONCLUSIONS

Based on test results, the following conclusions are made:

a. As indicated in Figures B.68 through B.71, the limited data
obtained show considerable scatter and accurate determination of the
values of equivalent thermal absorptivity coefficients cannot be made.
Since deterioration of the lacquer surface has occurred in some of the
panels due to charring or flaming or the presence of a dust film prior
to thermal exposure, the coefficients obtained in these cases may not
be representative of the original type surface.

b, The expected increase of equivalent thermal absorptivity
coefficient with increasing panel thickness and decreasing thermal
irradiation is indicated by the set of data plotted on Figure B.72.

c. As indicated in Tables B.1l through B.4, tests conducted on
exposed and unexposed specimens of the 24ST panel material show, in
general, only a slight reduction in strength properties due to the
heating cycle. In a few cases melting of the panels has occurred as
shown in Figures B.39 and B.42.

B.7  RECOMIFNDATIONS

It is recommended that:

a. Further measurements and associated analytic studies be made
to obtain a detailed gquantitative picture of the factors influencing
the peak temperature rise in coated thin metal panels,

b. Where practicable in future field test programs, attempts be
madeto obtain temperature-time histories on similar test panels,

C. Attempts be made to improve the existing Temp Tape type of
device to provide more reliable indicators in place of those which
have proven unsatisfactory, with a possible increase in both tempera~
ture range and number of temperature indications, such instrumentation
to be used where a large number of points are to be instrumented with
minimum effort or where time-history recording equipment cannot be
employed,

d. That data be obtained to permit the dynamic error in peak
temperature data obtained from Temp Tapes to be evaluated.
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PANEL-10 PANEL-3 PANEL-2 PANEL-|
SEA BLUE WHITE ALUMINIZED [BARE
LACQUER LACQUER LACQUER METAL
0.016 IN. 0.012 IN, 0.012 IN. 0.012 IN.
PANEL-17 PANEL-15 PANEL -3 PANEL-1]
SEA BLUE WHITE ALUMINIZED |BARE
0.020IN. 0.020 IN. 0.020 IN. 0.020 IN.
PANEL-23 PANEL-26 PANEL-34 PANEL-8
SEA BLUE SEA BLUE SEA BLUE SEA BLUE
0.025 IN. 0.032 IN. 0.051 IN. 0.016 IN.
FRAME NO.I
PANEL-9 PANEL-7 PANEL-6 PANEL -5
SEA BLUE WHITE ALUMINIZED |BARE
0.016 IN. 0.016 IN. 0.016 IN. 0.016 IN.
PANEL - 24 PANEL-22 PANEL-2] PANEL-20
SEA BLUE WHITE ALUMINIZED |[BARE
0025 IN. 0.025 IN. 0.025 IN. 0.025 IN.
PANEL-18 PANEL-27 PANEL-29 PANEL-35
SEA BLUE SEA BLUE SEA BLUE SEA BLUE
0.020 IN. 0032 IN. 0.040 IN. 0.051 IN.
FRAME NO.2
PANEL-19 PANEL-1© PANEL-14 PANEL-12
SEA BLUE WHITE ALUMINIZED |[BARE
0.020 IN. 0.020 IN. 0.020 IN. 0.020 IN.
PANEL-36 PANEL-33 PANEL-32 PANEL -3l
SEA BLUE WHITE ALUMINIZED |[BARE
0.051 IN. 0.051 IN. 0.051 IN. 0.05! IN.
PANEL-25 PANEL-28 PANEL-30
SEA BLUE SEA BLUE SEA BLUE
0.025 IN. 0.032 IN. 0.040 IN.
FRAME NO.3

Fig. B.3 Arrangement of Panels in Frames
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Fig. B.7 Frame with Mounted Panels and Thermal
Energy Indicators
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Mounted Panel Showing Temp Tape Installation

Fig. B.8




Fig. B.9 Frame with Temporary Protective Covering

Fig. B.10 Frame at Test Site before Exposure




Fig. B.12 Frame No. 1 after Exposure — Slant Range 7150 ft,Thermal
Energy 18.3 cal/cm? '
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Fig. B.14

Frame Number 3 after Exposure - Slant
Range 3800 Ft, Thermal Energy 43 cal/cm
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Fig. B.4S Panel 36 after Exposure - 0,051 In.
Thick - Sea Blue Lacquer - Stetion 3
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TABLE B.l

FRAME NO.|—PANEL TEST DATA 5
THERMAL ENERGY —18.3 CALORIES PER CM

L}
Lo I
o o >
o Zi W I I
« |80 v 5 ez 4sg|Ebl{qf
38 280 2 yudl $ES| 320 |d27
zo |k I o x 2> Zob | Cw, L o
<= 409 > <*Q2 25| 2 >
a2 T < 0 Lt Ona0| O
Z I:E a < L.J(UD) O " 9
L <
]
| 0012 SEATRAEL 406 | 0235 (64,900 | 47300
2 | ooi2 Atg&"ﬂ,‘égD 530 | 0306 |65,700 | 48,700
3 | oo LXICHQIIJER 217 | 0125 |68200 | 50,400
8 | ool6 ﬁié QBULE%E >578 | —— | 65100 | 52900
o | ool iiﬁg&é’g 456 | 0352 | 66200 | 48,700
I 0020 M%"}E;‘E 317 | 0.306 |67500 |45200
13 | 0020 At%"é 'O'\Ségo 288 | 0.278 | 66,900 | 43,900
WHITE
15 | 0020 LACQUER 154 | 0148 |67,500 | 45,00
17 | 0020 fié QBU‘—;: 337 | 0.325 |67100 | 46,700
23 | 0025 | ToRGUER 38 | 0459 |66,800 | 45500
26 | 0032 ﬁiég';é’f 315 | 0.485 | 66,400/ 43,400
34 | oosl Eiéoz'éf 244 | 0600 |70,200 | 47400
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TABLE B.2

FRAME NO.2 PANEL TEST DATA 2
THERMAL ENERGY — 30 CALORIES PER CM

L
0 L N |>p T
a8 (099 L S ©rlzEz |p=x 5|
W [<Fuw O W Z(W>u <5 11981
z5 |B2% < axwldEC 32 S d 8w
e2 [3¢Z x xp Q0S| Fyolrxa
£ = 7 N <204 I 2K o
- 0 L < L S5F | 0
a . 1339 »
) <Y
5 | oole e 530 | 0.249 | 64,500 | 51,300
6 0.016 Al[_gngTJ'EZIED 337 | 0158 | 67,600 | 51,800
7 0.016 LWA*&'QTUEER 406 | 0491 |63400 | 45500
9 | ool DA OUER 469 | 0220 |59;700 | 37,000
I8 | 0020 fi’é QBULEUFE 530 | 0.312 | 66,500 | 49,600
20 | 0025 i 530 | 0.389 | 66,600 | 50,400
21 | 0025 A'[L/J\"é"Q'\L'J'EZED 406 | 0.298 | 64,600 | 44,900
22 | 0.025 L ACQUER 211 | 0155 | 67900 | 47,000
24 | 0025 | [GeouER 469 | 0.344 |69,300 | 43500
27 | 0032 f_i/c\:c%gg 406 | 0.312 | 65300 | 44,300
29 | 0.040 SL%QBU%’FE 340 | 0.400 |65500 | 42,400
35 | 00sl ls_i‘éQBU‘-é’lf 317 | 0475 |68,800 | 45,400




TABLE B.3
FRAME NO.3-PANEL TEST DATA
THERMAL ENERGY-43 CALORIES PER CM 2
Lo
2] ° >
L a FoE
LE | .8, s 3 QpjzSz wz | E
o |£Zw = Wy 2w el ool
Zs LuX T lod l-—u)>L_._J_lo_U‘v<o_ - >
<5 | §UU > ¢ QaD|SFLEY 220 (WD
Z ITZ 0 <TassoLNKHge >a®
+ i <<gaglisel | 5
a ol-'- ul E(J O 0
BARE TEMP
12 | o020 TAPE
METAL MISSING
14 | 0020 A,':LA'&"C')'\JJ‘EED 48 | 0197 | 64400 | 44,800
WHITE TEMP
16 | 0020 TAPE | —— | 65500 | 47,600
LACQUER | TAFE = , A
SEA BLUE TEMP
19 | 0020 TAPE | —— | 57,800 | 36,400
LACQUER  IMiSSING ! ’ .
25 | oozs | SEABLYE 15878 | — |s9700 | 39700
™
28 | 0032 T GUER 469 | 0308 |57,500 | 38,600
SEA BLUE
30 | 0040 SEA I 469 | 0384 |62700 |48600
3l 005I BEA;‘A?L >578 | —— | 66,300 | 53,400
ALUMINIZED
32 0051 TACOUER 340 | 0.3%6 |68,400 |45,200
WHITE
33 005 L R 340 | 0.356 |69,700 |46,700
36 | 0osl SEADLEE | 456 | 0478 | 70,500 | 50,000




TABLE B4

ULTIMATE STRENGTH AND YIELD
STRENGTH OF UNEXPOSED 24 ST
ALUMINUM ALLOY PANEL MATERIAL

METAL ULTIMATE YIELD
THICKNESS STRENGTH STRENGTH
INCHES P.S.1. RS.I.
0.012 67,500 49,800
0.016 66,400 49,100
0.020 65,200 44,200
0025 69,300 47,200
0032 69,200 47,800
0.040 68,800 49,000
0.05I 70,400 49,700
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ELEVATOR
24ST ALCLAD - SLANT RANGE-7150FT AMBIENT TEMP 62°F

TABLE B S

SECTION DATA - STATION |

ELEVATOR SECTION ¥ 3
“A” TEMP TAPE - 403°F

“B” TEMP TAPE -592°F

TEST SPECIMEN} SECTION METAL |ULTIMATE YIELD
NO SIDE THK IN |STRENGTH PSI STRENGTH PSI
| UNEXPOSED| 0.016 61,500 44,700
IE EXPOSED 0.016 61,000 46,500
2 UNEXPOSED| 0.016 61,300 45,600
2E EXPOSED 0.016 58,800 44,000
3 UNEXPOSED| 0.032 67,900 52,500
3E EXPOSED 0.032 64,000 46, 000
4 UNE XPOSED| 0.032 64,600 NO DATA
4E EXPOSED 0.032 66,700 NO DATA

ELEVATOR SECTION ¥4

" "

“A“TEMP TAPE-180°F c

“B“ TEMP TAPE-35I'F TEMP TAPE-235F

ITEST SPECIMEN| SECTION | METAL [ULTIMATE YIELD
NO SIDE THK IN |STRENGTH PSI|STRENGTH PSI
| UNEXPOSED | 0.016 62,300 47,000
IE EXPOSED 0.016 62,700 46,200
2 UNEXPOSED | 0.016 61,700 45,900
2E EXPOSED 0.016 63,100 47,300
3 ¥ |UNEXPOSED | 0.040| 28,000 15,900
3E* |[EXPOSED 0.040 | 33,500 16,700
4 UNEXPOSED| 0.032| 66,200 48,300
4E EXPOSED 0.032 67, 500 49,700
¥ 52-SO ALUMINUM ALLOY




TABLE B5
(CONTINUED)

ELEVATOR SECTION#7
A" TEMP TAPE-226F “B'TEMP TAPE-35I°F
TEST SPECIMEN| SECTION |[METAL |ULTIMATE YIELD
NO SIDE THK IN |STRENGTH PSI|STRENGTH PSI
| UNEXPOSED | 0.016 62,600 44,700
IE EXPOSED 0.016 58,300 41,800
2 UNEXPOSED | 0.016 62,400 45,300
2E EXPOSED 0.016 58,400 43,100
3 UNEXPOSED | 0.032 70,200 56,300
3E EXPOSED 0.033 67,600 52,300
4 UNEXPOSED| 0.032 63,300 37, 700
4E EXPOSED 0.032 64,200 49, 800
ELEVATOR SECTION¥g
"A”TEMP TAPE-306 F “B” TEMP TAPE-NO DATA ' C” TEMP TAPE-279° F
TEST SPECIMEN | SECTION METAL |ULTIMATE YIELD
NO SIDE THK IN [STRENGTH PSI|{STRENGTH PSI
| UNEXPOSED| 0.016 62,500 44,200
IE EXPOSED 0.016 NO DATA 45,600
2 UNEXPOSED | 0.016 62,800 47,000
2E EXPOSED 0.016 62,300 45,600
3 * UNEXPOSED | 0.040 28,800 NO DATA
3E¥x |[EXPOSED 0.040 28,900 NO DATA
4 UNEXPOSED| 0.032 65,300 46,500
4E EXPOSED 0.032 66,000 47,000
% 52-S0 ALUMINUM ALLOY
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ELEVATOR

TABLE B6

SECTION DATA
24ST ALCLAD - SLANT RANGE-5330FT

STATION 2

AMBIENT TEMP 62°F

ELEVATOR SECTION#|
"A" TEMP TAPE- NO DATA "B“TEMP TAPE-3640 F

TEST SPECIMEN| SECTION | METAL ULTIMATE YIELD
NO SIDE THK IN ISTRENGTH PS! |STRENGTH PSI
| UNEXPOSED| 0.018 60,500 49,900
I|E EXPOSED 0.018 51,600 32,300
2 UNEXPO SED| 0.016 61,300 45,600
2E EX POSED 0.017 51,700 34,800
3 UNEXPOSED| 0.032 66,300 52,300
3E EXPOSED 0.033 65,000 48,000
4 UNEXPOSED| 0.032 67, 000 55,000
4E EXPOSED 0.032 66,700 50,600
ELEVATOR SECTION¥2
"A” TEMP TAPE-NO DATA “B”TEMP TAPE- NO DATA
TEST SPECIMEN| SECTION | METAL |ULTIMATE YIELD
NO SIDE THK IN |STRENGTH PSI|STRENGTH PS!
| UNEXPOSED| 0.016 62,300 47,100
E EXPOSED 0.016 57, 300 41,000
2 UNEXPOSED| 0.016 62 , 500 47,700
2E EXPOSED 0.016 59,300 37,700
3 UNEXPOSED| 0.032 65,900 51,100
3E EXPOSED 0.032 66, 800 48,800
4 UNEXPOSED| 0.032 66 , 700 54,200
4F EXPOSED 0.032 65 , 700 50, 500




TABLE B6

(CONT!

NUED)

ELEVATOR SECTION¥ 5

"A" TEMP TAPE- 468°F "B TEMP TAPE->640°F
TEST SPECIMEN| SECTION | METAL [ULTIMATE YIELD
NO SIDE THK IN |STRENGTH PSI|STRENGTH PSI
| UNEXPOSED | 0.016 63,900 46,300
IE EXPOSED 0.016 63,300 50,000
2 UNEXPOSED | 0.016 64,600 44,800
2E EXPOSED 0.016 62,500 47,000
3 UNEXPOSED | 0.032 68,700 54,900
3E EXPOSED 0.032 68,000 53, 800
4 UNEXPOSED| 0.032 70, 300 56, 600
AE EXPOSED 0.032 68,200 ' 55,300
ELEVATOR SECTION#¥6
"A" TEMP TAPE-408°F "B” TEMP TAPE-NO DATA
TEST SPECIMEN| SECTION | METAL |ULTIMATE YIELD
NO SIDE THKIN |STRENGTH PSI [STRENGTH PSI
| UNEXPOSED| 0.016 67,300 41,800
E EXPOSED 0.016 62,000 48,100
2 UNEXPOSED | 0.016 64,300 45,700
2E EXPOSED 0.016 59, 900 45,600
3 UNEXPOSED | 0.032 64,900 52,300
3E EXPOSED 0.032 64, 000 49, 200
4 UNEXPOSED| 0.032 60, 800 50, 300
4E EXPOSED 0.032 57 , 800 45,700
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TABLE B.7
RADIANT ENERGY MEASUREMENTS

STATION | SLANT|ENERGY FROM PASSIVE|ENERGY VALUES
RANGE | INDICATORS ON FRAMES|EXTRAPOLATED FROM
FT. CALORIES PER CM2 |NML DATA CALORIES
PER CMZ
| 7150 15 18.3
2 5330 32 30.0
3 3800 >44 43.0
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Walter Reed Army Medical Center, Washington 25, D.C.

Superintendent, U.S. Military Academy, West Point, N.Y.

ATTN: Prof. of Ordnance

Commandant.,, Chemical Corps School, Chemicel Corps
Training Command, Ft. McClellan, Ala.

Commending General, Research and Engineering Command,
Army Chemical Center, Md. ATTN: Deputy for Rw and
Non-Toxic Material

Commanding General, Aberdeen Proving Grounds, Md.
(inner envelope) ATTN: RD Control Officer (for
Director, Ballistics Research Laboratory)

Commanding General, The Engineer Center, Ft. Belvoir,
Va. ATTN: Asst. Commandent, Engineer School

Commanding Officer, Engineer Research and Development
Laboratory, Ft. Belvoir, Va. ATTN: Chief, Technical
Intelligence Branch

Commending Officer, Picatinny Arsenal, Dover, N.J.
ATTN: ORDBB-TK

Commanding Officer, Frankford Arsenal, Phila-
delphia 37, Pa. ATTN: Mr. C. C. Fawcett

Commanding Officer, Army Medical Research Laboratory,
Ft. Knox, Ky.

Commanding Officer, Chemical Corps Chemical and Radio-
logical Laboratory, Army Chemical Center, Md. ATTN:
Tech. Library

Commanding Officer, Transportation R&D Station, Ft.
Eustis, Va.
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Director, Technical Documents Center, Evans Signal
Laboratory, Belmar, N.J.

Director, Waterways Experiment Station, PO Box 631,
Vicksburg, Miss. ATIN: Library

Director, Armed Forces Institute of Pathology, Tth and
Independence Avenue, S.W., Washington 25, D.C.

Director, Operations Research Office, Johns Hopkins
University, 7100 Connecticut Ave., Chevy Chase, Md.
ATTN: Library

Technical Information Service, Oak Ridge, Tenn.
(Surplus)

NAVY ACTIVITIES

Chief of Naval Operations, D/N, Washington 25, D.C.
ATTN: OP-36

Chief of Naval QOperations, D/N, Washington 25, D.C.
ATTN: OP-374(0EG)

Director of Naval Intelligence, D/N, Washington 25,
D.C. ATTN: OP-922V

Chief, Bureau of Medicine and Surgery, D/N, Washington
25, D.C. ATTN: Special Weapons Defense Div.

Chief, Bureau of Ordnance, D/N, Washington 25, D.C.

Chief, Bureau of Ships, D/N, Washington 25, D.C. ATIN:
Code 348

Chief, Bureau of Yards and Docks, D/N, Washington 25,
D.C. ATTN: D-hk0

Chief, Bureau of Supplies and Accounts, D/N, Washing-
ton 25, D.C.

Chief, Bureasu of Aeronautics, D/N, Washington 25, D.C.

Chief of Naval Research, Department of the Navy
Washington 25, D.C. ATIN: LT(Jjg) F. McKee, USN

Commander-in-Chief, U.3. Pacific Fleet, Fleet Post
0ffice, San Francisco, Calif.

Commander-in-Chief, U.S. Atlantic Fleet, U.S. Naval
Base, Norfolk 11, Va.

Commandant, U.S. Marine Corps, Washington 25, D.C.
ATTN: Code AO3H

President, U.S. Naval War College, Newport, R.I.

Superinténdent, U.S. Naval Postgraduate School,
Monterey, Celif.

Commanding Officer, U.S. Naval Schools Command, U.S.
Naval Station, Tressure Island, San Francisco,
Calif.

Commanding Officer, U.S. Fieet Training Center, Naval
Base, Norfolk 11, Va. ATTN: Special Weapons School
Commanding Officer, U.S. Fleet Training Center, Naval
Station, San Diego 36, Calif. ATTN: (SPWP School)
Commanding Officer, Air Development Squadron 5, VX-5,

U.S. Naval Air Station, Moffett Field, Calif.

Commanding Officer, U.S. Naval Damage Control Training
Center, Naval Base, Philadelphia 12, Pa. ATTN: ABC
Defense Course

Commanding Officer, U.S. Naval Unit, Chemical Corps
School, Army Chemical Training Center, Ft. McClellan,
Ala.

Joint Landing Force Board, Marine Barracks, Camp
Lejeune, N.C.

Commander, U.S. Naval Ordnance Laboratory, Silver
Spring 19, Md. ATTN: EE

Commander, U.S. Naval Ordnence Laboratory, Silver
Spring 19, Md. ATTN: EE

Commander, U.S. Naval Ordnance Laboratory, Silver
Spring 19, Md. ATTN: R

Commander, U.S. Naval Ordnance Test Station, Inyokern,
China Lake, Calif.

Officer-in-Charge, U.S. Naval Civil Engineering Res.
and Evaluation Lab., U.S. Naval Construction Bat-
talion Center, Port Huenems, Calif. ATTN: Code 753

Commanding Officer, U.S. Naval Medical Research Inst.,
National Naval Medical Center, Bethesda 1k, Md.
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AEC, Osk Ridge, Tenn., A33448

Dirsctor, U.S. Naval Research Laboratory, Washington
25, D.C. ATTN: Code 2029

Director, The Materisl Laboratory, New York Naval Ship-
yard, Brooklyn, N.Y.

Commanding Officer and Director, U.S. Navy Electronics
Laboratory, San Diego 52, Calif. ATTN: Code 4223

Commanding Officer, U.S. Naval Radiological Defense
Laboratory, San Francisco 24, Calif. ATTN: Technical
Information Division

Commanding Officer and Director, David W. Taylor Model
Basin, Washington 7, D.C. ATTN: Library

Commender, U.S. Naval Air Development Center, Johns-
ville, Pa.

Director, Office of Naval Research Branch Office, 1000
Geary St., San Francisco, Calif.

officer-in-Charge, U.S. Naval Clothing Factory, U.s.
Nevel Supply Activities, New York, 3rd Avenue and
29th Street, Brooklyn, N.Y. ATTN: R&D Division

Technical Information Service, Oak Ridge, Tenn.
(Surplus)

AIR FORCE ACTIVITIES

Asst. for Atomic Energy, Headquarters, USAF, Washing-
ton 25, D.C. ATTIN: DCS/0

DPirector of Operations, Headquarters, USAF, Washington
25, D.C. ATTN: Operations Analysis

Director of Plans, Headquarters, USAF, Washington 25,
D.C. ATTN: War Plans Div.

Director of Research and Development, Headquarters,
USAF, Washington 25, D.C. ATIN: Combat Components
Div.

Director of Intelligence, Headquarters, USAF, Washing-
ton 25, D.C. ATTN: AFOIN-1B2

The Surgeon General, Headquarters, USAF, Washington 25,
D.C. ATTN: Bio. Def. Br., Pre. Med. Div.

Deputy Chief of Staff, Intelligence, Headquarters, U.5.
Adr Forces Burope, APO 633, c/o PM, New York, N.Y.
ATTN: Directorate of Air Texigets

Commander, 497th Reconnaissance Technical Squadron
(Augmented), APO 633, c/o PM, New York, N.Y.

Commander, Far East Air Forces, APO 925, c/o PM, San
Francisco, Calif.

Commander, Strategic Air Command, Offutt Alr Force
Bage, Omeha, Nebraska. ATTN: Special Weapons
Branch, Inspection Div., Inspector General

Commander, Tactical Air Command, Langley AFB, Va.
ATTN: Documents Security Branch

Commander, Air Defense Command, Ent AFB, Colo.

Commander, Air Materiel Command, Wright-Patterson AFB,
Dayton, O. ATTN: MCAIDS

Commander, Air Training Command, Scott AFB, Belleville,
T11. ATTN: DCS/O GTP

Commender, Alr Research and Development Command, PO
Box 1395, Baltimore, Md. ATTN: RDDN

Commander, Air Proving Ground Command, Eglin AFB,

Fla. ATTN: AG/TRB

Commender, Air University, Maxwell AFB, Ala.

Commender, Flying Training Air Force, Waco, Tex.
ATTN: Director of Observer Training

Commander, Crew Training Air Force, Randolph Field,
Tex. ATTN: 2GTS, DCS/0
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Commander, Headquarters, Technical Training Air Force,
Gulfport, Miss. ATTN: TA&D

Commandant, Alr Force School of Aviation Medicine,
Randolph AFB, Tex.

Commander, Wright Air Development Center, Wright-
Patterson AFB, Dayton, O. ATTN: WCOESP

Commander, Air Force Cambridge Research Center, 230
Albany Street, Cambridge 39, Mass. ATTN: CRQST-2

Commander, Air Force Special Weapons Center, Kirtland
AFB, W. Mex. ATTN: Library

Commandant, USAF Institute of Technology, Wright-
Patterson AFB, Dayton, O. ATTN: Resident College

Commander, Lowry AFB, Denver, Colo. ATTN: Department
of Armament Training

Commander, 1009th Special Weapons Squadron, Head-
quarters, USAF, Washington 25, D.C.

The RAND Corporation, 1700 Main Street, Santa Monica,
Calif. ATTN: Nuclear Energy Division

Technical Information Service, Osk Ridge, Tenn,
(Surplus)

OTHER DEPARTMENT OF DEFENSE ACTIVITIES

Asst. Secretary of Defense, Research and Development,
D/D, Washington 25, D.C.

7.8, National Military Representative, Headquarters,
SHAPE, APO 55, c/o M, New York, N.Y. ATTN: Col.
J. P. Healy

Director, Weapons Systems Evaluation Group, OSD, Rm
2E1006, Pentagon, Washington 25, D.C.

Asst. for Civil Defense, 0SD, Washlngton 25, D.C.

Armed Services Explosives Safety Board, D/D, Building
T-7, Gravelly Point, Washington 25, D.C.

Commandant, Armed Forces Staff College, Norfolk 11,
Va. ATTN: Secretary

Commending General, Field Commsend, Armed Forces Spe-
cial Weapons Project, PO Box 5100, Albuguerque, N. Mex.

Commanding General, Field Commend, Armed Forces, Special
Weapons Project, PO Box 5100, Albuguerque, N. Mex.
ATTN: Technical Trainlng Group

Chief, Armed Forces Speclal Weapons Project, Washington
25, D.C.

Technical Information Service, Oak Ridge, Tenn.
(Surplus)

ATOMIC ENERGY COMMISSION ACTIVITIES

0.S. Atomic Energy Commission, Classified Technical
Library, 1901 Conetitution Ave., Washington 25, D.C.
ATTN: Mrs. J. M. O'Leary (For DMA)

Los Alamos Scientific Laboratory. Report Library, PO
Box 1663, Los Alamos, N. Mex. ATTN: Helen Redman

Sandia Corporation, Classifled Document Division,
gandia Base, Albuquerque, N. Mex. ATTN: Mertin
Lucero

University of California Radlation Leboratory, PO Box
808, Livermore, Calif. ATTN: Margaret Bdlund

Weapon Data Sectlon, Technical Information Service,
Oak Ridge, Tenn.

Technical Information Service, Oak Ridge, Tenn.
(Surplus)




